Introduction
In previous papers it has been shown, chiefly by indirect methods, that all the present known facts about the distribution of correlation potentials in the Douglas fir can be explained by the existence of two oppositely oriented radial E.M.F.s, one of which is located in the wood and the other in the cortex. The radial E.M.F. in the wood increases toward the base while that in the cortex increases toward the apex. The direct demonstration of the separate existence of these two E.M.F.s is not a simple matter, because mechanical removal of the cortex always involves change in its inherent E.M.F.
Since it has been shown that the external polarity of the apex can be increased, decreased, inverted, or made equal to zero by an appropriate change in temperature, it becomes of importance to know how a temperature change affects the two different sets of E.M.F.s in the wood and cortex.
The following experiments which bear upon these questions yield further confirmatory evidence for the existence of the two oppositely oriented E.M.F.s. They also point to the conclusion that when the temperature of the tree is changed, the pattern of the internal correlation potentials is changed. This result appears to depend fundamentally upon the general fact that equal change in temperature changes the E.M.F. unequally in different loci of the axis in polar tissues. An explanation of this unequal effect has already been presented (LuND 1, 2). The distances between A and B. B and C, and C and D were respectively 22, 13, and 8.5 cm. The total length of exposed wood axis is 34.5 cm. CD of figure 2. In this latter case both contacts are on the wood axis but one is cooled and the other is not cooled. This curve should be compared with curve CD of figure 1.
Again compare curve AB in figure 3 with curve CD in figures 3 and 1. The sudden bend in curve AB of figure 3 is unexplainable as an effect of temperature, and may have been due to an accidental mechanical displacement of the contact. parent conclusion from such experiments is that temperature affects the E.M.F. by affecting the cortex. Note that curves CD and AB of figure 1 and curve CD of figure 3 confirm fully all of the corresponding observations presented in the previous paper on the effect of temperature on the E.M.F. in the apex (LUND 2).
3 figure 3 demonstrates this fact. This curve should be compared with curves AD in figure 2 and AD in figure 1 . It should also be compared with curve AF in figure 2 of the writer's previous paper (LUND 2). The remarkable fact should be noted that curve BC, figure 3 , changes in an opposite manner to AD, figure 3 , when the temperature is lowered around the contacts B and C and their included segment, but not around the contacts A and D.
Finally, the effects of temperature as shown in curve AD, figure 3 , prove conclusively that the E.M.F. measured between contacts A and D does not all originate at the contacts, and that all the change in E.M.F. does originate in the region of the stem which is cooled. This is a simple but convincing demonstration of the existence of summation of E.M.F.s.
EFFECT OF TEMPERATURE ON RADIAL POTENTIALS IN WOOD AND WOOD-CORTEX
SYSTEM The radial E.M.F. of the wood and the longitudinal E.M.F.s of the intact stem are similarly affected by a change in temperature. This fact is shown for example by the curve XB in figure 3 . From this it may be concluded that the absence of an effect on the longitudinal E.M.F. of the wood is not due to an absence of effect on the radial E.M.F.
That a lowering of the temperature decreases the radial E.M.F. of the bipolar wood-cortex combination is evident from curve YC, figure 3, and curves XB and YC, figure 1. These curves exhibit interesting characteristics of form which are probably due to the rate of cooling and the opposite orientation of electric polarities in the wood-cambium-cortex system. However, since the present experiments are not intended to show more than some of the more important general characteristics of the effects of temperature, a fuller analysis of the precise course of the effects of change of temperature upon any one type of measurement must be omitted for the present.
EFFECT OF TEMPERATURE ON DIAGONAL E.M.F.s Curves XA and YD in figure 1 show a closely parallel effect. It should be observed that these measurements were on the intact stem. Curves XA and YD in figure 4 should be compared. Note that the E.M. figure 3 , and curves AB and CD, figure 2, show that the longitudinal potential at and in the region of the contact B on the wood is not affected by a change in temperature. On the other hand, curves CD in figures 1 and 3, and curve AB in figure 1 show that changing the temperature on a contact on the cortex and its adjacent region changes the E.M.F. between the contacts. Again, curve BC of figure 3 shows that change in temperature affects the E.M.F. between the contacts B and C, one of which is on the wood and the other on the cortex. But curve BC of figure 2, where both contacts are on the correspond} ing regions of the wood, shows no such effect'.
Finally, curve AD in figure 3 shows that temperature affects the E.M.F. between these two contacts even though they themselves are notf'ooled, while curve AD in figure 2 shows no such effect of cooling on its E.M.F. 'It follows from these facts that the cortex in the region C in figure 3 is the seat of an inherent E.M.F. whose magnitude is markedly affected by a change in temperature. These facts, when taken in conjunction-with certain facts presented in previous papers (2) , appear to constitute a definite proof that the cortex possesses an inherent E.M.F.
The second question of special interest is, what is the orientation of the E.M.F. in the cortex?
Curve BC in figure 3 shows that contact B on the wood is electronegative in the external circuit to contact C on the cortex. In the same way curve AB in figure 2 shows that B is electronegative to A.2 r Now, since the E.M.F. at the contact B and its region on the wood is rot affected by a change in temperature, as shown by curves AB and CD in figure 2, while the E.M.F. between contacts B and C in curve BC of figure 3 is changed by a change in temperature, then the E.M.F. between B and C in figure 3 must lie in the cortex as just shown. Since the surface in contact with C is electropositive to B, then this must mean that the E.M.F. of the cortex is oriented in such a way that the outside of the cortex is electropositive to the inside of the cortex in the external circuit.
Furthermore it is shown in figure 4 that the E.M.F.s of XB and XA are respectively greater than the E.M.F.s of YC and YD. This relation is never observed in the intact stem, such as that in figure 1 where YD > XA and YC > XB. These differences can be explained if we assume that an E.M.F. exists in the cortex, this E.M.F. having an opposite orientation to that in the wood. These facts again indicate the same conclusion as that arrived at in a previous paper (LUND 4) by different methods of experimentation.
The results suggest that the longitudinal E.M.F.s observed when the leads are attached to the intact outer surface of the cortex are probably mostly derived from the inherent E.M.F. in the cortex. This conclusion seems to be strengthened by the demonstrated fact that the external polarity in the apical region is much greater than that in the more basal regions, in spite of the fact that the thickness of the wood and therefore the radial E.M.F. in the wood diminishes to small value in the apex.
Finally it may be recalled, as shown in a previous paper (4) , that the diagonal basal-apical (inside to outside) E.M.F. in the apex is oriented oppositely to that in the lower parts of the stem. All the diverse facts seem to leave no doubt that the inherent E.M.F. in the cortex is oriented oppositely to that in the wood. This conclusion agrees of course with the morphological and functional bipolar character of the cambium.
General conclusions
With the possible exception of the external longitudinal E.M.F.s on the isolated wood axis, all the observed E.M.F.s are markedly affected by a change in temperature. In all of these cases it appears that when the temperature of both electrode contacts and the whole region of the stem involved in the measurement of the E.M.F. is lowered, the observed E.M.F. decreases. In other words, all the observed results appear to be due to the simple but apparently fundamental fact that equal change in temperature causes an unequal change in the E.M.F.s along the polar axes, whether these be longitudinal, radial, or diagonal resultants of the elementary polarity potentials of the living cells. This principle reminds us of the similar unequal effects on the velocity of oxidation in apical and basal ends of the stem of Obelia, produced by equal change in oxygen concentration.
The present experiments indicate that when the temperature of the tree system is changed uniformly throughout, or when one part of it is subjected to a change in temperature which is different from the temperature maintained in other parts, the relative magnitude and even the directions of flow of the electric correlation currents must figure 5 . In this experiment the readings of E.MI.F. were made at longer time intervals and therefore the curves do not bring out the differences as clearly as they otherwise would have done.
The basal half of the second internode of the main stem of a tree was killed in boiling water, cooled to room temperature, and set up in the apparatus as shown in the diagram at the top of figure 5. After allowing the preparation to rest for one-half hour, the readings of E.M.F.s were taken as shown in the curves.
The first fact to notice is that E.M.F.s exist in the dead half of the stem just as we might expect to find in a telephone pole, chimney, or between two sides of many other objects. An intelligent appreciation of the facts, however, leads to the conclusion that the behavior of the E.M.F.s in the dead part of the stem when subjected to change in temperature is radically different from the corresponding ones in the living stem. This fact is shown by a comparison of the effects of temperature on the radial potentials, curve YC which is dead and curve XB which is living. Similarly, curve XA (living) and curve YD (dead) should be compared. Curve CD (dead) is to be compared to curve AB (living). The general fact observed in the curves is that whenever both contacts lie in and include only dead stem between them, the E.M.F. is not affected by temperature, except to a small extent as would be expected if they are concentration potentials of various types in a non-living system. This is shown by curves YD, CD, and YC in figure 5 . Summary 1. The longitudinal and radial E.M.F.s in the intact stem below the apex of the Douglas fir are both greatly decreased by lowering the temperature and increased by raising it. The radial E.M.F. of the isolated wood axis is affected in a similar manner. Dead stems often show E.Ml.F.s but these are not affected by temperature like those in the living stem.
2. By changing nearly simultaneously the temperature of the wood and cortex, it is possible to show that the cortex is the seat of an electric polarity oriented in the opposite direction to that in the wood. The radial E.M.F.
in the cortex appears to be equally or more sensitive than that in the wood to the same change in temperature.
3. The same change in temperature causes a greater change in the E.M.F. of the cortex in apical regions than in the cortex of relatively more basal regions. 4 . The phenomenon of "rebound" of the E.M.F. after a period of exposure to low temperature is less pronounced in lower regions of the stem than in the apex. Additional evidence shows that summation of E.M.F.s occurs.
5. All of the observed effects of temperature on the various polarities in the living tree appear to be due to the simple but apparently fundamental fact that equal change in temperature causes an unequal change in the E.M.F. along the polar axis under consideration. In all cases the region having the highest relatively electropositive condition with respect to the external circuit is changed by the greatest amount.
6. Temperature acts as one of the primary environmental factors which can control the magnitude and even the direction of the internal electric polarities in the tree system. Change in temperature can and does chance the pattern of the internal electric correlation currents in the Douglas fir. LITERATURE CITED
